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ABSTRACT 

Highly aromatic euoleum residues were carbonized in a high temperature high ressure cell 
mounted under a porarized light microscope in order to evaluate the appearance, !evelopment 
and type of the amsotropic mesophase. Kinetic parameters (formation and coalescence eriods) 
were related to the nature of constitutive fractions (aromatics, resins, asphaltenes). The &al 
of anisotropic mesophase is determined by the nature of the starting material. However it is 2: 
sensitive to mixing and pretreatment processes such as desulfurization and thermal cracking. 
This technique can be used to select suitable carbon fiber feedstocks and to evaluate the effects 
of m o w i n g  agents, mixing and treatment processes. It has many advantages over traditional 
methods wfuch measure the optical texture o polished surfaces. 

INTRODUCTION 

The complex nature of petroleum residues used for the production of graphitizable carbons 
(e& needle coke, mesophase pitch carbon fibers) makes it difficult to find a single chemical 
analysis or physical property to rank potential feedstocks in terms of final product quality. It is 
known, however, that high aromaticity and low Conradson C h o n  values are r uiredcl), and 
development of the liquid crystalline state intermediate (mesophase) is n e c e s s y a ) .  Since the 
discovery of the nature of the meso hase intermediate by Brooks and Taylofi ) attempts have 
been made to characterize and correyate its description with the potential to produce graphitic 
carbons. Patrick(’) and Marsh(@ have developed two classifications in terms of the shape and size 
of optical texture of amsotropic cokes observed by polarized light microscopy using polished 
surfaces. These classifications are complemented by assignment of an arbitrary index (Optical 
Texture Index), related to the area of microsuuctural units(’). The OTI can be implemented in 
point counting techniques to give an average number. Similar attempts have been made for 
Scanning Electron Microscop+*) and brightness However, these methods require 
preparatlon of solid samples (m autoclaves) and extremely careful polishing before observauons 
can be made. Alternatively, Perrotta(lo) introduced a dynamic analysis based on in situ 
monitoring of mesophase develo ment taking place in a micro-cell mounted on a hot stage 
polarized li ht microscope. It &lows the actual transformation of pitch into anisotrop~c 
structures. &e test can be. erformed in less than one hour, in companson with several days 
required for previous methog. 

This aper introduces a classification of mesophase SuuCNreS for this dynamic test which is 
also a pied to the evaluation of petroleum residues, constitutive KPLC (High Performance 
Li uiaC@matography) fractions and treated (distillation, desulfurization, thermal cracking, 
de?ayed colung) samples. 

EXPERIMENTAL 

A high temperature (to 500 O C) high pressure (to 2000 psig) micro-cell (Figure 1) was 
designed(1s11) to fit a hot stage placed under a olarized light microsco The cell arrangement 
includes a 2.9 mm 0.d. by 1.25 mm cyLindric$~am pan (2 mg sams capacity) mounted on 
the bottom of the cell whch is equipped for the ow of gases. A 5 mm 0.d. by 2 mm soft copper 
O-ring is mounted on top of the pan and coupled with a 5 mm 0.d. by 1.65 mm s inel crystal, 
sealed together tightly on a stainless steel cover. The cell is mounted on a Leitz I l l 8  hot stage 
incorporating a tungsten filament furnace that surrounds the bottom of the cell. The Le~tz 
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Orthoplan microscope is e uipped with interchangeable objectives ( H 20X is the most 
convenient), a 1, retarder Jate and a o l h e r .  A color NEC camera is mounted on the 
microscope and connected to a PANAS&C video-recorder and a NEC Monitor to follow the 
carbonization reactions in situ. Tem erature, pressure, time and size data are displayed on the 
screen. The cell is conected througf: 1/32” tubing to a gas system that supplies hydrogen or 
mtrogen at regulated pressures. 

RESULTS AND DISCUSION 
The development of mesophase starts with the appearance of sub-micrometer spherulites 

(Pi e 2 a) that grow in size and occasionally also in number (Figure 2-b) and coalesce (Figure 
2-cKtiforming a bulk mesophase (Figure 2-d) that is characteristic of the nature (mamly the 
distribution of carbon atom types) of the feedstock. The m e  for the appearance of mesophase 
spherules and the coalescence period are recorded and related to the nature of the staning 
material and operating conditions. 

A wide range of feedstocks have been evaluated in order to observe the widest range of 
mesophase structures to be included in the classification. This includes the case where 
coalescence of mesomorphic smctures did not develop, leading only to isolated small 
spherulites, indicating no bulk formation of gra hitizable carbon. Figure 3-a represents the 
smallest size of coalesced anisotro ic srmctures Jess than 1 p) called fme grained mosaics, 
characteristic of low grade anode cote. Figure 3-b represents an improvement in the extension of 
aromatic layers where basic anisotropic structures can reach 50 p, coalesced in what is named 
as coarse flow mosaic. Figure 3-c represents the case of extended flow domain mosaics 
characterized by homogeneous anisotm ic structures with internal. disblinations (defects caused 
by the folding patterns of the aromatic payers). Larger sues (rangma from 50 to over 500 
correspond to higher degrees of graphitizability. This type of struc&e is characteristic of 
quality needle coke. Finally, Figure. 3d represents the case of non-restricted flow domain 
mosac: the actual size is imposed by the geomemcal configuration of the microsell but the fluid 
nature of the material would make it s read over larger surfaces if available. This is 
characteristic of good feedstocks for carbon iber  production. 

In addition to characteristic size and shape of the final mosaic, there are typic9 kinetic 
parameters (mesophase formation and coalescence penod) associated with each matenal (Table 
): longer coalescence periods appear to be associated with granular and coarse flow mosaics, 

but no relation is observed with formation time. 
To further explore this aspect, one of the feedstocks (FCC Decanted Oil) was fractionated 

(HPLC) into four constitutive k t i o n s :  saturates, aromatics, olar aromatics and asphaltenes. 
Each one of the fracuons was evaluated under the same c&onization conditions (700 psig 
hydrogen, 50 C). Figure 3 shows the differences in the fmal mosaic: the 
restricted (250 pm) flow domain mosac of the original feedstock (Fi 3-a) is increased 
largely (430 pm) for the aromatic fraction (Figure 3-b), but reduced K t h e  polar aromatic 
(Figure 3-c) and asphaltene (Figure 3-d) fractio?, while the saturates frachon volatilizes 
completely and does not form mesophase. In addition, the haltene fraction exhibited a fast 
formation time similar to that of the feedstock (Table 2). %e lar aromatic and aromatic 
fractions were characterized by longer times. The opposite t e n g c y  was observed for the 
coalescence period. This can be interpreted to mean that the asphaltenes fraction (even though in 
vexy small concentration) b initiarin its mesophase development provides the for 
catalyzinig’promoting the dbelopment of mesophase of other.fractions, hith a f+ re&at is 
dependent upon the Interactions of carbon atom types present m the reacting matenal. 

Research was alsorrformed to evaluate the ability to modify the carbonization process of a 
enerally result in a 

galanced compromise: when mixed with Lube 6, Expact (Fi &a! &bits no bulk 
mesophase but mlated spheres, the 6nal mosaic Vi 4-rw:)a collection of poorly 
coalesced and small anisotropic regions; when mixed wiEconversion residue (Figure 4-c) that 
exhibits coarse flow, the final mosaic was an agglomerate (Figure 4 d )  of several flow domain 
regions. Distillation (Figure 5 a-b) also alters the f d  mowc: higher cut point residues tend to 
result in larger anisotropic strucutures. On the other hand, hydrodesulfurization (Figure 54) 
sigruficantl reduced the size of the f d  mosaic. Operating the carbonizafion process at higher 
pressures (1500 psig) results in larger mosucs. 

Thermal treatments (Figure 6 a-d) considerably increase fhe s e  of the final mosaic 
particularly at long times and relatively low temperatures, producing a pitch that transforms intd 

C/min, 30450 

articular material (F C Decanted Oil). Mixin with other feedstocks 

1082 



non-restricted (fluld) flow domain (Figure 6-c),. suitable for carbon fiber production; howeve! 
increasing the severity of the process results m a heterogeneous and solid bulk mesophase 
(Figure 64) .  

CONCLUSIONS 

In situ monitoring of mesophase development by hot stage polarized light microscopy has 
been complemented with a classification of final mosaic structures and applied to elucidate the 
effect of constitutive fractions, mixtures and pretreatment processes upon the carbonization 
behavior of petroleum residues, providing a technique for selectmg graphitizable carbon (needle 
coke, carbon fibers) precursors. 
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Table 1. Classification of delayed coking feedstocks for anode and needle coke. 
(Based on dynamic hot stage microscopy at 450 ' C, 50 C/min and 700 psig hydrogen) 

Material Aromaticity Mesophase Coalescence Optical Uses 
I3C nmr formation period Texture 

wt% min min Size, pn 

Lube oil Exnaa 29.30 5 No Spheres None 
Heavy Crude Oil 37.30 11 11 <1 Anode 
Conversion Residue 41.43 9 13 10-50 Anode 
FCC Decanted Oil 52.13 2 3 250-500 Needle 
Petroleum Pitch A-240 88.61 18 >SO0 Needle,Fibers 
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Table 2. Mesophase development of FCC Decanted Oil HF'LC fractions. 
(Based on dynamic hot stage microscopy at 450 C, 50 ' C/min and 700 psig hydrogeni 

Material Yields Mesophase Coalescence Optical 
w t %  formation period Texture 

min min Size,  pn 

FCC Decanted Oil 2 

HE'LC Fractions 
Saturates 26.8 No 
Aromatics 67.3 12 
Polar Aromatics 4.7 9 
Asphaltenes 1.2 2 

3 

No 
3-10 

25 
>37 

250 

430 
50 
<1 

Figure 1. High Temperam High Pressure Microell 
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R p  2. Evolution of mesophase development: (a) appearance, (b) pwth .  (c)  coalescence. (d) final mosac 
( s m n  sI2.e: 475 pm) 

~~ 

F i p  3. Cla~ificatioa of final mosaic: (a) fine pin. (b) coarse flow. (c) flow domain. (d) fluid flow domain 
(scnen size: 475 pm) 
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Fipre 4. Fmal mosaics of HF'LC fractions: (a) FCC Decanted Oil. (b) Aromatics. (c )  Polar aromatics. 
(d) asphaltcner (==en nzc: 475 pm) 

F i p e  5. Final mosaics of mirmrcs: (a) Lube Oil Exwct. @) 70% FCCDO & 30% WE, (c) Conversion -due, 
(d) 70% FCCDO & 30% CR (screen size: 475 w) 
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F i w  6. Final mosaics ofpreucarcd materials: (a) Distillation bourns 63%. (b) Distillation bonms 40%. 
(c) Desulfudred . (d) High pressure cahonization (urn s i x  475 p) 

I 
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